The Nilwala River is the third largest in the southern province of Sri Lanka which runs through 72 km along its cause. Conversion of forest lands to agricultural lands, expansion of urban areas and clearing of land for construction purposes in the catchment are major issues affecting water quality in Nilwala River. The water quality of the Nilwala River lower basin at 16 locations was estimated for 4 months from September2010 to December 2010 in two-week intervals. Water quality parameters pH, Electrical conductivity(EC), Dissolved oxygen (DO), Biochemical Oxygen demand (BOD5), turbidity, colour, Total Dissolved Solids (TDS), total hardness, alkalinity, Nitrite-N (NO2 --N), Nitrate -N (NO3 --N), Phosphate (PO4 3--P), Sulphate (SO4 3-), Total Fe, Ca 2+ , F -and Cl -were evaluated in the sampling locations. The spatial and temporal variation of water quality associated with different land use categories were analyzed using Two-way ANOVA. Principal Component Analysis (PCA) and Cluster Analysis (CA) were also conducted to determine the association between water quality variation and land use impacts of the catchment. A significant (p <0.05) spatial variation of water quality parameters, except the hardness, Fluoride and Ca +2 among sites were observed to be associated with different land use categories. No significant (p >0.05) temporal variability in water quality parameters except Nitrite and hardness was detected. PCA and CA also indicated a strong association between the water quality variables and the land use types of the river basin. Urban impacts, land clearance in the catchment and sand mining activities of the river bed were found to be the most significant impacts to the water quality of the river and areas with forest cover having positive impact to the water quality. These findings emphasize the need of better catchment management approaches and remediation of urban impacts on river water quality.
Introduction
Despite being the life supporting systems of the earth aquatic ecosystems around the world are increasingly affected by various anthropogenic impacts (Alamet al. 2006) . Human induced alterations to rivers and stream catchments have resulted in significant changes in stream health specifically water quality, structure and diversity of flora and fauna (Gage et al. 2004; Dudgeon et al. 2006) . It has been observed that the conversion of forests to pastures and/or residential areas may influence water quality in rivers in many ways. Loss of terrestrial vegetation and an increased area of impervious surfaces can influence evapotranspiration and infiltration, and alter natural flow regimes (Changnon and Demissie 1996) . These land use practices also increase the sediment inputs to streams and may alter substratum characteristics and channel morphology (Lake et al. 1985; Bunn et al. 1986 ). Altered catchment hydrology and land use can influence inputs of inorganic nutrients from terrestrial sources and may enhance in-stream primary production, resulting in change of the trophic structure of aquatic communities. Thus, catchment hydrology, as well as the availability of inorganic nutrients in streams is often related to processes that occur across the terrestrial landscape. Therefore, river water quality often reflects the conditions prevailing in the catchment and is an indication of the river health. As such, water quality monitoring programmes of rivers are essential in determination of pollution trends and pollution sources in order to initiate management strategies. However, processing complex, large data sets collected through monitoring programmes and determination of underlying trends of water quality variation are crucial for taking decisions related to pollution prevention and catchment management efforts. Multivariate analysis of data such as Principle Component Analysis (PCA) and Cluster Analysis (CA) are helpful in interpreting data and in determining driving factors for water quality variation which are difficult to interpret through general observations or through other studies. Application of multivariate techniques to analyse water quality data has been successfully applied in many situations (Pearce et al. 2013; Ndungu et al. 2014; Wang et al. 2014; Zeng and Arnold 2014) .
The Nilwala River is the third largest in the southern province of Sri Lanka covering a distance of 72 km. The River originates from the Sinharaja rain forest and flows largely through urban, agricultural and other areas of land use, reaches Matara town and joins the Indian Ocean at Thotamuna. The River catchment mainly consistsof agricultural lands and urban landscapes where most lands have been converted into commercial purposes. Rapid sand mining is also taking place in some parts of the river causing river bed to become lower than the mean sea level leading to salt water intrusion. The medium and small scale industries such as service stations, saw mills, tanneries as well as textile, batik, garment, food processing and painting industries are also located along the river in urban areas. Downstream areas of the river run through a developing commercial city where extensive area is undergoing rapid land use changes and deforestation. Despite the rapid changes of land use along its cause impacting the river health, the Nilwala River is the main supply source of drinking water to Matara town area and many rural and other urban communities along its cause (De Silva et al. 1998) . It also provides water for agricultural practices and for industries located along the river catchment. Therefore, pollution of river water not only affects ecological health but also can have significant impacts on urban and rural communities who depend on river water. Therefore, the present study was carried out to estimate the spatial variation of water quality in the river and to estimate the association of land use practices on water quality variation using multivariate techniques. Findings of this study would be useful in implementing appropriate catchment management strategies for the Nilwala River basin.
Materials and Methods

Study area
The river catchment area represent approximately 1073 km 2 and fall within the 5° 55' and 6° 13 ' and 80° 25'and 80° 38' (Figure 1 ). The course of Nilwala River consists of two distinct regions; the upstream part which has a steep longitudinal slope and the downstream lowlands which extend inland up to about 12km from the coastline and has a gentle slope. Approximately 70 per cent of the Nilwala river basin is used for agricultural activities such as paddy, tea, coconut, cinnamon, citronella and rubber cultivations. The river also flows through urban areas which are densely populated and areas covered by forest patches. Specifically, lower part of the river runs through the developing commercial city of Matara, where extensive area is undergoing rapid land use changes. 
Sampling locations
Water samples were collected from 16 locations of the lower reaches of the river in two week intervals from September 2010 to December 2010 (Figure 1 ). Duplicate samples were collected from each sampling location at a sampling event. The sampling locations and associated land uses are listed in the Table 1 . (MULTI 1970i) . Colour was estimated by visual comparison method using Nessalizer tubes. Turbidity was measured using a turbidity meter (HACH 2100Qis). For the analysis of other water quality parameters, water samples were collected to 1.5 L sampling bottles and transported to the laboratory under chilled condition.TDS was calculated using oven dry method, where 25ml sample was filtered using 0.45µ filter paper, filtrate was dried at 105°C and residue weight was taken. Biochemical oxygen demand (BOD5) was estimated following the Winkler's method after incubating a water sample for 5 days. Total alkalinity was measured using titrimetric method.NO2 --N, NO3 --N, PO4 (Mellinger 1987; Meglen 1992; Wenning and Erickson 1994) .Correlation of principal components and original variables are given by loadings. Cluster analysis uncovers intrinsic structure or underlying behaviour of a dataset without making a priori assumptions about the data. It further classifies objects of the system into categories (clusters) based on their similarity. In the present study, the water quality data were used as input variables for PCA. Since water quality parameters had different magnitudes and scales of measurements, the data were standardized through double-square root transformation to produce a normal distribution of all variables (Davis 1973) .From the standardized correlation matrix of the data, the initial factor solutions were extracted by the principal components and then a number of PCs were selected according to their eigen values. Component loading (correlation coefficients), which measure the degree of closeness between the variables and the PCs were also estimated. The most significant variables in the components represented by high loadings were taken into consideration in evaluating the components (Mazlumet al.1999) .
Results
Physico chemical parameters
All physical and chemical water quality parameters, except total hardness, F -and Ca +2 detected in sites associated with different land use categories indicated significant differences (p<0.05) ( Table 2) . Except for the total hardness, all other water quality variables did not indicate temporal variation during the study period. During the study period, average pH recorded in sites ranged between 5.8 and 7.3. The highest average value was recorded at Wellatota where land clearing activities are taking place and lowest values were associated with urban areas such asin Thotamuna and in Matara town, where the pH were ˂5 during some months ( (Figure 2 ). Average conductivity values recorded ranged from 57.9 μScm -1 to 5,057μScm -1 where higher values were recorded at Matara town area, Thotamunabridge, Bandaththara and at Kudawasites and lower values were recorded in Kotapola, Warallaand Athuraliya sites. Generally urban and cleared areas were having higher conductivity values (Figure 2 ). Average TDS values ranged between 42.9 to 3,488.7 mg l -1 ; the highest value was recorded in Matara town area and the lowest value was recorded in Morawaka area. TDS values recorded also indicated similar trend to the variation to conductivity where higher values were associated with urban sites and cleared sites (Figure 2) . Alkalinity values ranged between 19.9 and 177mgl -1 in sites. The highest alkalinity values were recorded in Athuraliya and Malimbada areas while the lowest value was recorded in Waralla site. Generally, higher alkalinity values were associated with sites associated with agricultural areas (Figure 3) . BOD5 values of the sites ranged from 0.97mgl -1 recorded at Kotapola area to 1.39 mgl -1 recorded in Matera town area. Higher BOD5 values were recorded in sites associated with urban areas (Figure 2 ). The total hardness varied from 21.7mgl -1 to 32.5mgl -1 among different sites, and however, these were not significantly different among sites associated with different land use categories (Figure 3 ).
Nutrients
The nutrients analysed in the sites include NO2 --N, NO3
--N, PO4 3--P and SO4
3-and these were significantly (p<0.05) different in sites associated with different landuse categories (Table 2) . Average NO3 --N levels in the sampling sites ranged between 0.001 and 1.86mg l -1 . Lower NO3-N levels were recorded in Waralla and Malimbada area and the higher values in urban areas such as Thotamunabridge and Matara town area (Figure 3) . Lower NO2 --N levels were recorded in Kotapala, Bandaththara, Nadugala, Akurassa and Kudawa area. Higher NO2 --N levels were recorded in urban sites such as Welewatta and Thotamuna area. 
Main ions
Main ions recorded in the sites include Total Fe, Ca 2+ , F -and Cl -( (Figure 3) .
Principal component analysis
Analysis of the data using principal component analysis (PCA) and cluster analysis (CA) enabled the identification of the sources of pollutants into the river based on the level of association of the variables. PCA performed on correlation matrix of means of water quality parameters recorded in the sites. Five principal components represented 85% of the total variation of the data set. The actual eigen values and % cumulative variables are shown in Table 3 . The PCA bi-plot of water quality variables for all sample sites is given in Figure 4 .The first PC accounted for 42% of the variation of the water quality data and the second component accounted for 14%. Both 1 st and 2 nd PC accounted for 56% of the total variation. A clear separation of sites in the urban, agriculture and the forested landscapes were observed along the 1 st axis. Vector loading to principal component axis indicated that nutrients (nitrate, sulphate), BOD, TDS and EC are highly correlated with 1 st axis suggesting the main variables driving the separation of sites along 1 st axis. Nutrients (NO2 --N, PO4 3--P), dissolved ions (F -) and hardness are mainly responsible for the separation of sites along 2 nd axis. The separation of sites along second axis is possibly due to the variation of these parameters among sites. Colour, alkalinity, TDS, total Fe are highly associated with the 3 rd axis. 
Cluster Analysis
The results of the cluster analysis also indicate a similar pattern of variation among sites as indicated by PCA (Fig.5) . Euclidean distances displayed in the cluster diagram (which represent the dissimilarity among clusters) show a clear separation of sites of urban, cleared lands and sand mining areas of river from forested and agricultural sites. Agricultural and forested areas are also clustered separately. Cleared land sites were clustered separately from urban and sand mining areas.
Discussion
The observation of physical and chemical water quality parameters in selected locations in Nilwala River indicated significant (p<0.05) spatial variation among sites associated with different land use categories. These variations can be clearly linked to the land use practices associated with catchments of sampling sites. However, hardness, F-and Ca +2 detected in sites associated with different land use categories indicated no significant differences (p>0.05). Similarly, except for the total hardness, all other water quality variables did not show significant temporal variation. The sampling was done within four month time period, in two week intervals, during which no marked seasonal variation existed, may have attributed to such a pattern of water quality variables over time. PCA also indicated a similar trend to the results of ANOVA in which a separation of urban, agriculture and forested areas attributing to the variation of nutrients (nitrate and sulphate), BOD5, TDS and EC. Urban sites were well separated from other sites indicating significant urban impacts on water quality.
pH of the sampling locations showed slight variation among the sites except for the Kamburupitiya, Thotamuna and Mathara town sites, where pH values lower than 5.5 were recorded. The pH range suitable for the existence of most biological life is quite narrow and critical, and is typically 6-9 (Tchobanoglous et al. 2003) . However, pH recorded in those sites were even below these limits and also exceeded the limits of proposed ambient water quality standards for inland waters for fish and aquatic life, drinking water with conventional treatment, irrigation purposes according to CEA (2001) and according to WHO guidelines for drinking water quality (WHO 2004) . Kamburupitiya site is within an agricultural area where rice and rubber cultivations are abundant. Thotamuna and Matara town area are urban areas. These two areas are mostly covered with marshy lands. It has been reported that lower floodplain soils in the Nilwala River contain acid sulphate soils (Fernanado and Suranganee 2009) . Possibly the acidic soils in the marshy areas and acidic effluents coming with urban runoff (Osibanjo et al. 2011 ) may have contributed to the lower pH values recorded in these sites.
Significant differences (p< 0.05) in turbidity were recorded among sites associated with different land use categories. Very low turbidity values were reported in sites with forest patches and higher values were associated with urban areas. As stated by Izonfuo and Bariweni (2001) , non-treated waste loads from the urban areas and soil particles brought by surface runoff of the agricultural areas may have contributed to the higher turbidity values recorded in urban (and some agricultural sites such as Akurassa and Malimbada areas. Similarly at Wallatota site, where land clearing activities are taking place, higher turbidity value was recorded. The ground cover that intercepts the energy of rain drops, retard the speed of surface water flow and enhance the surface water infiltration (Elkaduwa and Sakthivadivel 1998) . It is possible that soil erosion due to land cover clearing activities at this site may have contributed to higher input of soil particles to the river leading to higher turbidity value in river water.
TDS value is an indication of the total dissolved ions in water and is important parameter when deciding suitability of water for irrigation purposes (Tchobanoglous et al. 2003) . EC is also a measure of the ions present in water with a positive correlation. It is also in effect a surrogate for TDS. Significantly higher TDS values were recorded in sites associated with urban and cleared lands. In the present study, TDS values recorded in Matara town area, Urubokka and Wellatota areas exceeded the limits of proposed ambient water quality standards for inland waters for irrigation purposes (CEA 2001) . Urubokka and Wellatota are areas where much of the lands in the catchment have been cleared and therefore soil erosion has become prominent. It is possible that salts dissolved with eroded soils may have contributed to high TDS values recorded in these sites. PCA indicated that ions such as total Fe, Ca +2 , F -and Cl -and SO4 3-are responsible for the increased TDS values in that site. Higher conductivity values which also exceeded the proposed ambient water quality standards for inland waters for irrigation purposes (CEA 2001) were recorded in sand mining areas, and in urban areas such as Thotamuna and Matara town sites. It is possible that disturbance of river sediments due to sand mining and closeness of the sites to sea mouth might have contributed to the higher conductivity values recorded in those sites. Similarly, intense sand mining activities practiced in the river channel has been contributed to the lowering of river bed below the mean sea level in many parts of the river. This may have contributed to the sea water intrusion through the river to inland areas giving higher conductivity values in many parts of the lower reaches of the river. The river water is widely used for drinking purposes and agricultural activities by the communities residing along river. It is possible that higher TDS levels and conductivity in water can adversely affect the water supply schemes to urban and rural communities from the river. Similarly, the use of river water for agricultural practices over the time can also lead to issues such as salinization of soils of the agricultural lands.
Higher sulphate levels were recorded in the water at the Matera town site is an indication of contamination of river water with urban waste (Osibanjo et al. 2011 ). In addition, acid sulphate soils prevailing in the area may have also contributed to the higher sulphate levels in the water (Fernanado and Suranganee2009) .
Higher values for alkalinity were recorded in Malimbada and Nadugala which are agricultural areas and lower values were recorded in areas with forest cover (Table 2) . Alkalinity is a measure of the acid neutralizing capacity of water. Alkalinity of river water is also governed by the geological set up of the river catchment. The main sources of natural alkalinity to water are the rocks, which contain carbonate, bicarbonate and hydroxide compounds (Aziz-ur-Rahman and Chughtai 2014) .Similarly borates, silicates, and phosphates may also contribute to alkalinity of the water (Aziz-ur-Rahman and Chughtai 2014) .It is also possible that fertilizer application in agricultural areas such as use of dolamite in tea estates may have contributed to higher alkalinity levels when they enter the river water. However, soils in forested areas are mostly acidic and may have contributed to lower alkalinity values in the water.
BOD5 is an indication of the organic pollution of water (Tchobanoglous et al. 2003) . In the present study, high BOD5 values were associated with the urban areas and low values were associated with forested sites. However, BOD5 values did not exceed the limits of proposed ambient water quality standards of fish and wildlife and irrigation and drinking water in inland water bodies of Sri Lanka (CEA 2001) . The relatively higher BOD5 values recorded in urban sites can be attributed to the urban waste and runoff coming from urban areas. Illegal diversion of waste water from urban centres to the river may have contributed to this problem. NO2 --N, NO3 --N, PO4 3--P and SO4 3-are the main nutrient ions monitored in this study. According to the results of ANOVA, PCA and CA there is a clear separation of sites based on the nutrient levels. It was evident from the analysis that urban sites are closely associated with nutrient enrichment. Similarly, excess fertilizer which is contaminating the river from upstream land use practices such as agricultural activities may have also contributed to this situation. Several researchers have reported the impact of agriculture on the quality of irrigation and potable water in Sri Lanka (Amarasekara 1992; Bandara et al. 2008; Bandara et al. 2011) . Application of excessive quantities of nitrates and phosphates are associated with eutrophication of reservoirs and heavy nitrate levels in reservoirs and ground water in Sri Lanka (Weeraratne and Wimalawansa 2015) . However, results of the PCA analysis of the present study, indicated, less marked separation of agricultural and forested sites based on the nutrient levels. Possibly the different ratios of forest to agricultural lands in the upper catchments may have contributed to the less marked separation of these sites with regard to the nutrient concentration. Application of phosphate containing fertilizer and their subsequent removal from farm lands contribute significantly to the contamination of waterways with phosphates. However, many workers previously reported that in the absence of erosion little phosphorous could reach the surrounding water (Loher 1974; Dillon and Kirchner 1975; Heise 1984) . Therefore, it is possible that extent of soil erosion prevention practices adopted in agricultural lands in the present study area may have an impact on contamination of water with fertilizers with phosphates. Experiments have shown that in well-managed tea crops with 100% ground cover with surface runoff, soil erosion conditions are closer to those of a natural forest (Krishnarajah 1985) .Similarly, rice fields also retain much of the fertilizer applied to them. It is possible that such agricultural practices in areas closer to study locations may have contributed to lower erosion rates of soils and fertilizer leaching from crop lands. Present results suggest that urban runoff is the main factor contributing to PO4 3-P to river water. Wellatota and Thotamuna areas are highly associated with higher PO4 3-P levels. These levels recorded in urban sites also exceeded the limits of proposes ambient water quality standards of fish and wildlife, irrigation and drinking water by CEA (2001) . Matara town area is also highly associated with SO4 3-levels, suggesting severe pollution trends due to urban runoff.
Also, there is separation of urban sites based on the main ion concentrations. Generally, urban areas are located close to the sea mouth of the river. Intrusion of sea water may have contributed to the higher levels of ions and conductivity values recorded in these sites than those of other sites. Sand mining activities, which have contributed to lowering of river bed below the sea level may have particularly contributed to sea water intrusion upstream and subsequent rise in major ion levels in river water.
The present study shows that PCA and CA could be successfully used to separate river sites with different land use influences based on water quality. Similar approaches have been adopted successfully by many authors to demonstrate water quality (Ndungu et al. 2014; Sheela et al. 2012) . Ndunguet et al. (2014) investigated the water quality status and pollution sources in Lake Naivasha, Kenya using multivariate techniques and could successfully identify the separate regions in the lake having water quality differences and pollution. Sheela et al. (2012) also used multivariate approaches for water quality analysis in Akkulam-Veli Lake in India and found the sources of pollutants in relation to seasonal rainfall events. Based on the observations of present study, it is evident that urban impacts, land clearing and sand mining activities have a highly significant impact on river water quality in Nilwala River. However, water quality data can vary temporally and spatially depending on the seasonal, geographical and anthropogenic impacts. The present study was conducted during four-month duration and this time duration was not sufficient to capture the temporal variation of water quality in sampling sites which might be brought about by seasonal impacts. Therefore, it is important to continue water quality monitoring programmes to cover such spatial and temporal dimensions and to adopt appropriate analysis in order to understand the underlying trends.
The investigated water quality parameters clearly showed that the land use practices in the catchments can influence the water quality in Nilwala River. Urbanization followed by land clearing and agricultural practices had a great influence on water quality through the input of waste from urban areas. However, the intensity of the land-use impacts of water quality may also depend on the spatial scales of land use practices in the catchments (Sponeller et al. 2001) . Therefore, it is important to quantify the different land uses in the catchment for better understanding of land use influences. However, present information is fundamental in setting guidelines for effective catchment management particularly in the control of river pollution, when formulating policies regarding the urban waste and runoff management as well as agricultural land management in river catchments.
